Background: Despite recent discovery of the novel human rhinovirus species, HRV-C, little is known about the association of HRV-C in diseases other than respiratory tract infections. Objectives: To investigate the presence of HRV-C in fecal samples of children with gastroenteritis. Study design: 734 fecal samples from hospitalized children with gastroenteritis were subject to picornavirus detection by RT-PCR of the conserved 5 -NCR. Positive samples were subject to VP4 and 3D pol gene analysis for species determination. The clinical and molecular epidemiology of HRV-C and other picornaviruses was analyzed. Results: Picornaviruses were detected in 113 (15.4%) of 734 fecal samples from children with gastroenteritis by RT-PCR of 5 -NCR, with 58 containing potential HRVs and 55 containing other enteroviruses. PCR of the VP4 and 3D pol regions was positive in 21 and 19 samples respectively (both regions positive in 8 samples). Sequencing analysis showed the presence of HRV-C in four samples, and diverse picornaviruses including HRV-A (n = 2), HEV-A (n = 2), HEV-B (n = 2), HEV-C (n = 21) and HPeV (n = 2) in other samples, with co-detection of HRV-C and HPeV in one sample. Of the four children with HRV-C detected in fecal samples, three presented with diarrhea in the absence of respiratory symptoms, while one also had acute bronchiolitis. The four HRV-C strains from fecal samples belonged to the existing clade of diverse HRV-C genotypes, indistinguishable from previous respiratory strains. Conclusions: HRV-C can be detected in fecal samples of children with gastroenteritis, in the absence of respiratory symptoms. This study also represented the first to detect HPeV in our population.
Background
Although human rhinoviruses (HRVs) are the most frequent causes of respiratory tract infections, their impact on health is often ignored. Increasing reports have now implicated HRVs in more severe disease especially in children, elderly and immunocompromised patients. [1] [2] [3] HRVs, which consist of more than 100 distinct serotypes, have been classified according to several parameters, including receptor specificity, antiviral susceptibility, and nucleotide sequence identities. 4 Based on gene sequence analysis, all but one HRV serotypes were traditionally classified into two species, HRV-A and HRV-B. [5] [6] [7] The severe acute respiratory syndrome epidemic in 2003 has boosted interest in the discovery of novel respiratory pathogens. [8] [9] [10] [11] [12] [13] [14] [15] [16] Recently, novel HRV genotypes have been discovered from respiratory specimens of patients from USA, Australia and Hong Kong. [17] [18] [19] [20] Based on their distinct phylogenetic position and genome features from HRV-A and HRV-B, 19, [21] [22] [23] these novel HRV genotypes have been proposed as a new HRV species, HRV-C, within the genus Enterovirus by the International Committee on Taxonomy of Viruses (http://talk.ictvonline.org/files/ictv official taxonomy updates since the 8th report/m/vertebrate-2008/1201.aspx). HRV-C has now been detected from patients with respiratory infections worldwide. [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] [28] [29] We have also previously demonstrated HRV-C as important causes of hospitalizations due to respiratory illness in both adults and children. 29 While other respiratory viruses such as human bocavirus (HBoV) have been associated Table 1 Primers used for amplification of 3D pol region of HEV-A, HEV-B, HEV-C (PV), HEV-D, HPeV, HRV-A, HRV-B and HRV-C.
Virus
Forward primer sequence (5 -3 ) Reverse primer sequence (5 -3 )  PCR product size   HEV-A  GTCTGGTTTAGAGCACTGGA  TCCTTGGTCCATCGAAT  491 bp  HEV-B  GATTACCTGTGCAACTCCCA  GACATTAGCCCAGGTGACTT  318 bp  HEV-C (PV)  TTTGCTTTTGACTACACAGG  CCTGATTGGGCTAGGAGACT  353 bp  HEV-D  GTGAACGGTGGNATGCCNTC  GTAACTAGCAATNACRTCRTC  159 bp  HPeV  ACCATGTGGTCTTCAATGAG  CAGTTTCTCTGGGTCTATTTC  206 bp  HRV-A  ATATTATGAAGTNGARGGNGG  GTAAGAAAAGATNACRTCRTC  169 bp  HRV-B  ATACAGTTGARGGNGGNATG  ACTATTAAGTCRTCNCCRTA  157 bp  HRV-C  GAAGGNGGYATGCCMTCAGG  GCTAYCACATCATCMCCATA  149 bp with gastroenteritis, 16, 30, 31 little is known about the association of HRV-C in diseases other than respiratory infections.
Objectives
In this study, we carried out a molecular epidemiology study to investigate the presence of HRV-C in fecal samples of children with gastroenteritis. Using consensus primers targeted to the conserved 5 -non-coding region (5 -NCR) of picornaviruses, we detected a diversity of human picornaviruses, including HRV-C. The clinical characteristics of children with HRV-C and other picornaviruses detected in fecal samples were also analyzed.
Study design

Patients and microbiological methods
All fecal specimens in this study were collected from hospitalized pediatric patients with gastroenteritis (age <18 years old) from two acute regional hospitals in Hong Kong from December 2004 to February 2005. Gastroenteritis was defined as the development of acute diarrhea with three or more loose stools per day. All fecal samples were tested for common bacterial diarrheal pathogens, rotavirus and HBoV as described previously. 16 The clinical features, laboratory results and outcome of patients positive for picornaviruses were analyzed retrospectively.
RT-PCR for picornaviruses
Viral RNA was extracted using QIAamp Viral RNA Mini Kit (QIAgen, Hilden, Germany). RT was performed using random hexamers and SuperScript III kit (Invitrogen, San Diego, CA, USA). 12, 32 PCR for human picornaviruses was performed using consensus primers, 5 -CTCCGGCCCCTGAATGYGGCTAA-3 and 5 -GAAACACGGACACCCAAAGTAGT-3 , targeting the conserved 5 -NCR of common human picornaviruses as described previously. 33 VP4 and 3D pol sequence analysis.
To determine the picornavirus species in positive fecal samples, the VP4 and 3D pol regions were amplified and sequenced, using cDNA with modified published protocols. 19, 32, 34 PCR for the VP4 region was performed using consensus primers described elsewhere. 35 PCR for the 3D pol region was performed using primers designed by multiple alignment of available 3D pol sequences of human picornaviruses (Table 1 ).
VP1 sequence analysis
To determine the genotype of human parechoviruses (HPeVs) detected in fecal samples, a partial fragment of the VP1 region was amplified and sequenced, using consensus primers, 5 -TCATGGGGBTCMCARATGG-3 and 5 -GGTCCATCATCYTGDGCKGA-3 , designed by multiple alignment of available VP1 sequences of known HPeVs.
Both strands of all PCR products were sequenced twice using the PCR primers. Nucleotide sequences were compared to corresponding picornavirus sequences available in GenBank. Phylogenetic tree construction was performed using neighbor-joining method with GrowTree using Kimura's two-parameter correction, with bootstrap values calculated from 1000 trees (Genetics Computer Group, Inc.).
Nucleotide sequence accession number
The VP4 and 3D pol nucleotide sequences of the HRV-C strains have been lodged within the GenBank sequence database under accession no. JN896368-JN896372. (Table 2 ). VP4 and 3D pol sequence analysis showed that among the 32 samples, three contained HRV-C, two contained HRV-A, two contained HEV-A, two contained HEV-B, 21 contained HEV-C, one contained HPeV and one contained both HRV-C and HPeV (Figs. 1 and 2, Table 2 ).
Results
Clinical characteristics of patients with HRV-C and other picornaviruses detected in fecal samples
The clinical characteristics of the 32 patients with picornaviruses detected in fecal samples were summarized in Table 2 . Diarrheal pathogens were also found in four samples, including Salmonella in two and rotavirus in two. HBoV was also detected in one sample.
Of the four patients with HRV-C detected in fecal samples, one (patient 18) also had acute bronchiolitis. Two patients had Salmonella group B (patient 2) and rotavirus (patient 10) detected in fecal samples respectively, with the latter also diagnosed to have Kawasaki disease. The other patient (patient 6) had HPeV codetected. Although only VP4 sequence of HRV-C and 3D pol sequence of HPeV was detected in this sample, it is likely that both viruses, instead of a HRV-C/HPeV recombinant virus, were present, since further sequencing of 5 -NCR using two sets of primers for HRV-C and HPeV respectively was positive for both viruses (data not shown). Of the two patients with HRV-A, one patient (patient 12) also had upper respiratory tract infection, with influenza A H3N2 detected in nasopharyngeal aspirate. This patient also had rotavirus co-detected in fecal sample. The other patient (patient 29) had Salmonella group E isolated from fecal sample.
The two patients with HEV-A had acute bronchiolitis (patient 7) and upper respiratory tract infection (patient 27) respectively, in addition to gastroenteritis. Patient 7 also had HBoV co-detected. Interestingly, the VP4 sequence from patient 27 was most closely related to human coxsackievirus A10 (CVA10), while the 3D pol sequences from both patients were most closely related to CVA4, suggesting that the presence of a recombinant virus between CVA10 and CVA4 in patient 27. Both patients (patients 9 and 28) with HEV-B had symptoms limited to gastroenteritis. The VP4 sequence from patient 28 was most closely related to human echovirus 14, while the 3D pol sequence from patient 9 was most closely related to human echovirus 9. Of the 21 patients with poliovirus (PV) (recently proposed to be reassigned under HEV-C), none presented with symptoms of poliomyelitis. These PV sequences likely represented remnants from oral PV vaccine. Sequence analysis of the VP4 and 3D pol showed that 11 samples contained PV1, seven samples contained PV2 and four samples contained PV3, with one sample (from patient 16) contained both PV2 and PV3 ( Figs. 1 and 2 , Table 2) Both patients (patient 6 and 24) with HPeV had gastroenteritis without other localizing symptoms. Patient 6 also had HRV-C codetected. Analysis of the partial VP1 sequences showed that both strains belonged to HPeV1, although they fell within each of two distinct clusters among existing HPeV1 strains (Fig. 3) .
Discussion
The present study represents the first to demonstrate that HRV-C may be associated with diseases other than respiratory infections. Although HRV-C has recently been found in the stool of two young children from Switzerland and Finland respectively, both patients had severe pneumonia and evidence of systemic infections. In the report from Switzerland, HRV-C was detected in the bronchoalveolar lavage (BAL) specimen, pericardial fluid, plasma and stool of a 14-month-old child with pneumonia and pericarditis. 36 The report from Finland described the detection of HRV-C in nasopharyngeal, bronchoalveolar lavage and bronchial specimens, stool and urine of a 3-week-old neonate with severe pneumonia and prolonged infection. 37 Such fecal shedding of HRV-C therefore likely represented part of the disseminated viral infections with pneumonia. 36, 37 In this study, three of the four children with HRV-C detected in fecal samples presented with diarrhea in the absence of respiratory symptoms, while the other also had acute bronchiolitis. As other potential diarrheal pathogens were also detected in the fecal samples from the former three children, the role of HRV-C in gastroenteritis remains to be determined. We have previously demonstrated HRV-C strains associated with respiratory infections as a clade of diverse genotypes that may easily evade immune protection. 29 Analysis of VP4 sequences of the four HRV-C fecal strains showed that they belonged to the existing clade of diverse HRV-C genotypes, indistinguishable from respiratory strains (data not shown). This suggested that any HRV-C strain may be associated with respiratory or enteric disease. Moreover, HRV-C, as well as HRV-A, may possess similar biological properties as other enteroviruses, with the ability to replicate in gastrointestinal tract epithelium. Despite recent findings in ex vivo organ culture, HRV-C has not been successfully isolated in either airway or gastrointestinal cell lines. 38 As a result, study of its tissue tropism and pathogenesis has been limited. Further studies are warranted to better understand the role and epidemiology of HRV-C in gastroenteritis and other diseases.
In this study, diverse picornaviruses were detected in a significant proportion (15.4%) of fecal samples from children with acute gastroenteritis by RT-PCR of the conserved 5 -NCR. The 5 -NCR was used for initial PCR screening for HRV-C because it is a highly conserved region and is well known to be much more sensitive than other genome regions for picornavirus detection. Although sequence analysis of the 5 -NCR suggested the presence of potential HRVs or other enteroviruses, further identification of the picornavirus species using VP4 and 3D pol was only successful in 32 samples. The failure to amplify the VP4 and 3D pol genes of picornaviruses in other samples may be due to the less conserved sequences than 5 -NCR or mutations in the primer regions. The 32 samples were shown to contain picornaivruses belonging to six different species, including 21 belonging to PV. The frequent detection of PV was not unexpected, as oral PV vaccine was routinely administered to our infants and PV was known to be isolated for up to 7 weeks after oral vaccination. 39 Although picornaviruses, except HPeV, are not generally thought to be associated with gastroenteritis, many are transmitted by fecal-oral route and commonly isolated from stool. HRVs have also been occasionally detected in stool samples during search for viruses in other diseases, but detailed sequence analysis was lacking. 40, 41 The present study showed that shedding of various picornaviruses, including HRVs, is common in children with gastroenteritis. Moreover, co-detection of different pathogens could be observed, similar to respiratory virus infections where co-infections are common. 16, 42 The detection of a potential recombinant virus between CVA10 and CVA4, with incongruent clustering to CVA10 at VP4 and to CVA4 at 3D pol , from patient 27 is intriguing. Mutation and recombination are well-known phenomena in the evolution of enteroviruses. [43] [44] [45] [46] We have also recently described recombination in different picornaviruses, including "double-recombinant" EV71 strains which may represent an additional genotype D, as well as a recombinant CVA22 strain. 32, 47 Complete genome sequencing of the present strain is required to confirm the suspected recombination events.
The present study represented the first to detect HPeV in our population, with two samples containing HPeV1. In a recent study on cerebrospinal fluid samples from the United Kingdom, HPeV3 was found to be the predominant picornavirus type in central nervous system-related infections in young children. 48 In contrast, HPeV1 was found to be the most prevalent genotype among stool samples of children in both Japan and Thailand. 49, 50 In another study from China, HPeV1 also accounted for 92.1% of stool samples of children positive for HPeV, although these HPeV1 strains shared only 75-82% amino acid identity with the prototype strain. 51 The identification of our two HPeV strains as HPeV1 is in line with previous findings in Asian countries. Interestingly, the two strains each belonged to two distinct clades of HPeV1. Further studies may help delineate the genetic diversity of HPeV1 in our population and other countries.
